It is well established that the rennin-sensitive fraction of cow casein referred to as K-casein (Waugh & Hippel, 1956) , has the important function of stabilizing the casein micelle in the presence of Ca2+ ions and so preventing micelle precipitation.
More specifically it is the calcium-sensitive, or at-fraction of the micelle (Waugh, 1961) , that is involved with K-casein in this stabilizing action (for problems of nomenclature see Lindqvist, 1963) . The stabilizing power is lost when glycopeptide is split from the K-fraction in the micelle by rennin action. It seems probable that the rennin-sensitive part of human casein serves a similar basic role in maintaining micelle stability in human milk, but the nature of the human-casein micelle is less well understood and hitherto no satisfactory fractionation ofhuman casein has been reported to enable the properties of its different components to be studied.
In addition to its rennin-sensitivity and its stabilizing function, cow K-casein has other distinguiishing properties which by analogy might be reproduced in its human equivalent: the glycopeptide which is split from it by the action of rennin is identical with the glycopeptide prepared by the action of rennin on whole cow casein in its amino acid composition, though differences were noted in the quantitative carbohydrate analyses of the two compounds (Jolles, ; ; unlike other casein subfractions it is not precipitated by Ca2+ ions, but flocculates after the addition ofrennin even in the absence ofcalcium (Payens, 1961) ; it is relatively richer in neutral * Present address: Department of Biochemistry, Uni- versity of Tabriz, Iran.
sugar, hexosamine and sialic acid than whole casein or other subfractions of the casein aggregate and shows weakly staining and very diffuse properties in electrophoretic analysis (Wake & Baldwin, 1961; Woychik, 1965) . A fraction has been obtained from whole human casein which resembles K-casein in all these respects: it is stable in the presence of calcium, but shows an increasing turbidity, and ultimate precipitation, when acted upon by rennin in the absence of Ca2+; it has a higher carbohydrate content than whole human casein, and is not associated with any of the stronger bands that are characteristic of human casein subjected to electrophoresis (Malpress & Hytten, 1964) . A glycopeptide is formed from it which is indistinguishable in its amino acid content from the glycopeptide made by the action of rennin upon human whole casein; and most important of all from the point of view of definition it has the power of stabilizing the calcium-sensitive fraction of the human casein micelle. This calcium-sensitive fraction of human casein has also been isolated and shows properties in general accord with cow oa3-casein.
The present paper reports on the preparation and properties of human a,-and K-casein fractions, and presents some comparative data on the caseinoglycopeptides released by the action of rennin from human and bovine casein.
METHODS
Preparation ofeasein. Human casein was prepared by the method of Malpress & Hytten (1964) ; the precipitation of casein from the skim milk was improved by diluting the milk 764 with twice its volume of water before adjusting to pH4-7; the milkswere thenimmediatelywarmedto 250, without any preliminary overnight cooling. In the present paper 'casein' refers to samples prepared from milk from a fully established lactation, giving the characteristic six-band pattern in starch-gel electrophoresis. Samples which do not come within this definition will be specifically notedas 'immature'.
Cow casein was prepared from fresh skim milk by adding N-HCI with stirring to pH4-7. The precipitated casein was centrifuged and washed twice with 0-01 M-acetate adjusted to pH4.7 with N-NaOH. The washed precipitate was dissolved in water with the addition of minimum amounts of 0-1 N-NaOH, the pH at all stages being kept below 10, and reprecipitated at pH4-7 from a volume three times as great as the original milk volume; the final casein precipitate was washed twice with ethanol-ether (1:1, v/v), twice with ether, and dried in air.
Fractionation of human casein in urea 8olution8. Human casein (1g.) was dissolved in lOml. of0-1 N-NaOH containing 4M-urea and the solution was brought to pH 5 with N-acetic acid. An equal volume of acetic acid-sodium acetate buffer (pH5-0, 10-2) containing 4m-urea was added and the solution (approx. 30ml.) Relative hexosamine values were obtained for human glycopeptide from those charts in which the glucosamine peak, which showed a rather variable point of elution, did not overlap the elution ofvaline.
End-group analy8i8. The N-terminal sequence of amino acids in the glycopeptides was investigated by (a) the phenylthiohydantoin method (Edman, 1950) , with the paper-strip modification outlined by Fraenkel-Conrat, Harris & Levy (1955) and the recommendations given by Harris & Roos (1959) for removing excess of pyridine. The solvents developed by Sjoquist (1953) and by Edman & Sj6quist (1956) were used for the identification of phenylthiohydantoin compounds by paper chromatography; (b) the acrylonitrile method (Fletcher, 1966) with the subtractive identification of the N-terminal amino acid after hydrolysis and amino acid analysis (see preceding section); (c) leucine aminopeptidase: the enzyme, dissolved in tris-HCl buffer (1 mg./ml.; pH8-5) and activated with 0-1M-MgC12 and 0-01 M-MnCl2, was added in equal volume to 0.5-5mg. of peptide dissolved in 1 ml. of tris-HCl buffer (pH8-5). The solution was incubated at 37°. Samples (0-5ml.) were removed at intervals up to 2hr. and the reaction stopped by the addition of 2ml. of ethanol. The solutions were centrifuged and the supernatants dried in vacuo over P205 and redissolved in 1 ml. of HCl-sucrose solution for amino acid analysis in the automatic Analyzer. C-terminal residues were determined by the use of carboxypeptidase A-DFP (Sigma Chemical Co.) and carboxypeptidase B (Sigma Chemical Co.). Glycopeptide (5mg.) was dissolved in 5ml. of water and the pH adjusted to 7-5 with 0-05N-ammonium carbonate. Carboxypeptidase A (0-5mg.), or carboxypeptidase B (0-mg.), was added and the solution was incubated at 37°. Samples (Trevelyan, Procter & Harrison, 1950) ; hexosamines by the Elson-Morgan reagent (Smith, 1958) . Neutral sugars were estimated by the orcinol method (Winzler, 1955 (Warren, 1959 Starch-gel analysis of fraction A2 showed the characteristic band pattern of whole human casein, lacking only the 'boundary smudge' of the complete unfractionated protein (Fig. 2) (Waugh et al. 1962) , it contained no carbohydrate residues and no sialic acid; it was readily precipitated by calcium, but showed no increase in turbidity when treated with rennin. Fraction B, in contrast, was not precipitated by calcium, but gave a strongly positive turbidity reaction with rennin. The total carbohydrate content of different preparations of fraction B varied from 4-4 to 8.8% (hexose 2-6-4.3%; hexosamine 1.0-2.9%; fucose 0-1-0%; sialic acid 0.36-0.70%); these values, which were minimal (see the Discussion section), were of the same order as those for the whole casein from which the preparations were made (hexose 2.8%; hexos- amine 1-6%; fucose 077%; sialic acid 0.3%). In all these respects fraction B closely resembled cow K-casein, and this likeness was reinforced by its behaviour on starch-gel electrophoresis (Fig. 2) .
The feebly staining and almost featureless electrophoretogram which it gave was changed to a Boundary Vol. 101 767
F. H. MALPRESS AND M. SEID-AKHAVAN pattem of fine bands when the analysis was run in the presence of 2-mercaptoethanol; similar changes have been shown for reduced cow K-casein (Schmidt, 1964; Woychik, 1965) . This change to a discrete band structure was best observed after first converting the reduced B fraction into its carboxymethyl-S derivatives. In the most favourable runs nine bands could then be differentiated, al migrating towards the anode and all moving as fast, or faster than, band 1 ofthe whole casein pattern. The bands are shown in Fig. 3 together with the changed pattern given after rennin action upon the carboxymethylated B fraction, and the corresponding patterns of untreated fraction B before and after rennin action. In no case were there any bands moving towards the cathode.
Stabilization of the calcium-8en8itive fraction A2. Fig. 5 shows the percentage stabilization of A2 by the calcium-insensitive fraction B, plotted against the reciprocal of the stabilization ratio, for three concentrations of Ca2+ ion. At each of these concentrations A2 showed some solubility (Fig. 4) and this has been taken into account in calculating the stabilization ratios. The effectiveness of fraction B decreased as the calcium concentration increased from 0-005 to 0-02M, the stabilization ratios at the point of 100% stabilization falling from 2-6 to 1-2. With different preparations of fraction A2 with solubilities in the presence of 0-01 M-Ca2+ of 30% (Fig. 5 ) and 5% (Fig. 6 ) stabilization ratios of 1-8 and 2-5 were obtained. The efficiency of stabilization was increased by lengthening the period of equilibration before adding Ca2+; or by first c:nverting fraction B into its reduced form with 2-mercaptoethanol, withorwithoutsubsequent formation of the carboxymethyl-S derivative (Fig. 6 ). In our experiments the highest stabilization ratio obtained at the point of 100% stabilization was 6-6, using the carboxymethyl-S form. Reduced and alkylated derivatives of cow K-casein have previously been shown to retain quantitatively the ability to stabilize cow a,-casein (Mackinlay & Wake, 1965; Woychik, 1965) .
Fractionation of glycomacropeptides released by renninfrom whole casein. It was found that peptide material absorbing at 215m,t was present in control solutions in which casein had been precipitated by trichloroacetic acid under conditions identical to those used in the glycopeptide preparation, but without the use of rennin. Satisfactory separation of the glycopeptides from the contaminating material was given by the use of anion-exchange columns, as outlined in the Methods section (Fig.  7a, b) . The results showed a marked difference in the behaviour of the human and the cow materials: the former (human GlyMP; human glycomacropeptide) was eluted from the column in a single sharp peak when the concentration of sodium chloride was 0-IM; the latter was eluted at 0-1, 0-2 and 0-4M-sodium chloride, with more than one peak in each zone. The largest fraction was eluted by 0-2M-sodium chloride and is referred to in this paper as cow glycomacropeptide (cow GlyMP). An analysis of these cow fractions showed that the main difference was in their sialic acid content, which increased Ca-insensitive fraction (mg.) Ca-sensitive fraction (mg.) Fig. 5 . Stabilization of the calcium-sensitive human casein fraction A2 (unpurified, see Fig. 4 ; 3mg./ml.), by the calcium-insensitive fraction B, at three Ca2+ concentrations: O, 0-005M; x, 0-01M; *, 0-02M. The stabilization ratio for each curve at the point of 100% stabilization is shown in brackets (see the Methods section for definition). Human GlyMP, whether prepared from fraction B (Fig. lb) or from whole casein, had the same qualitative properties. Analyses of human GlyMP and cow GlyMP are shown in Tables 1 and 2 . The most notable points of difference in the amino acid composition of human GlyMP compared with cow GlyMP are the lower relative contents of aspartic acid, glutamic acid, serine and lysine, and the absence of glycine, leucine and methionine. The most extensive differences, however, are in the nonpeptide part of the two glycopeptides; this forms more than half ofthe human GlyMP molecule when prepared from whole casein but only one-tenth of cow GlyMP. This quantitative disparity is accompanied by two qualitative differences: the occurrence of fucose and of glucosamine (as well as 25.6* (24-5-26.9) 5-8 (5-0-7.3) 19-3t (17-8-22-0) 55-2 (52.2-56.9) 0-8 6-2 1.5 3.9 12-4 Cow GlyMP from whole casein 6-3 (5.6-7.4) 3.1* (2.9-3.3) 0 2-2$ (1.7-2.7) 11-6 (10.5-12-6) galactose and galactosamine) in the human GlyMP molecule. The glucosamine: galactosamine ratio was 2:1. The much smaller carbohydrate content found in human GlyMP prepared from fraction B (Table 1) is considered further in the Discussion.
Action oftryp8in. The two lysylpeptides expected on theoretical grounds by the action of trypsin on human GlyMP were eluted from DEAE-Sephadex by ammonium carbonate in the same peak (HT1; Fig. 8 ). Refractionation of this mixture (see the Methods section) gave one peptide with the composition: (Pro2Ala,jle2)-Lys; the second lysyl peptide was not isolated. Peaks HT2 and HT3 (Fig. 8) Alais & Joll6s (1965) . A third lysyl peptide having the composition (Asp2Thr,Glu,Pro,Ile,Lys) is regarded, in the light of the recent sequence studies carried out by Delfour, Alais & Jolles (1966) , as a non-specific 'overlap' peptide in which the lysyl residue does not occupy a terminal position. A large non-lysyl peptide with 39 residues was also recovered. Galactose 5.2%, galactosamine 4.6% and sialic acid 9.0% were associated with this peptide.
End-group analy18i. The N-terminal amino acid of human GlyMP was identified by the acrylonitrile subtractive method as isoleucine; the Edman procedure failed to give unequivocal confirmation of this, but established alanine as the second residue in the N-terminal sequence. Leucine aminopeptidase gave no release of amino acids from human GlyMP under conditions in which isoleucine and alanine were readily released in that order from the peptide (Pro2Ala,Ile2)-Lys reported in the previous section.
The reason why leucine aminopeptidase failed to act upon the whole glycopeptide is obscure, but the very high carbohydrate content ofthe whole peptide may well be an important factor. A similar explanation might be given for the failure ofcarboxypeptidase A to release the calculated amounts of C-terminal residues from human GlyMP. Only very small amounts of alanine, followed by traces of serine, were obtained. Under identical experimental conditions the C-terminal residue sequence for cow GlyMP was determined as -Ser-Thr-Ala-Val followed by (Val,Thr) , in close agreement with the results ofJoll6s, Alais & Jolles (1962) . The N-terminal residues of cow GlyMP were established as Met-Ala-by both the Edman and acrylonitrile methods, confirming the work of Delfour et al. (1965 Delfour et al. ( , 1966 to serine and threonine residues (Tanaka, Bertolini & Pigman, 1964; Anderson et al. 1964; Carubelli, Bhavanandan & Gottschalk, 1965) . Under these conditions acrylic acid and crotonic acid derivatives, which absorb strongly at 241 m,u, are formed by ,8-elimination. In the present experiments (Fig. 9a,  b ) the effect was greatest in the non-lysyl peptides, which contained an enhanced carbohydrate content relative to theparentglycopeptide; it was not found in the three lysyl peptides isolated, in which carbohydrate was absent. Amino acid analysis of the alkali-treated compounds showed the destruction of three threonine residues and one lysine residue in human GlyMP and of three threonine residues in its non-lysyl peptide; two threonine residues were destroyed in the non-lysyl peptide from cow GlyMP. There was also evidence of some loss of serine in the non-lysyl peptides from both sources, but in neither case was the loss sufficient to account for the complete destruction of one residue. The action of alkali upon HT1 (Figs. 8, 9a ), which contained a mixture of lysyl peptides, suggests that the lysyl peptide which has not yet been isolated from human GlyMP may contain an Oglycosidic link.
DISCUSSION
The fractionation of human casein in this study has given two preparations, A2 and B, which in their most significant properties are analogous to the x,-and K-fractions of cow casein. In contrast with the typical starch-gel pattern of cow casein, which shows two main staining areas referred to as the a-and ,B-casein bands, the human pattern under the same conditions has a multi-band form. It is difficult therefore to link human and cow casein fractions by a common terminology, however desirable this might be. Fraction A2 includes all the calcium-sensitive material in human casein and in this respect is equivalent to the calcium-sensitive, or ce.-part of cow oc-casein, plus the fl-fraction of cow casein which is also calcium-sensitive and shows stabilizing reactions with K-casein (Payens, 1961; Zittle & Walter, 1963) . It also contains variable amounts of a form not directly precipitated by calcium (Fig. 4) . There seems to be no reason at present for differentiating the human bands, all of which represent calcium-sensitive material, into aO-and fl-types; on the other hand the resemblance between the bands of fraction A2 and the seven bands of fractionated cow ax-casein (Waugh et al. 1962 ) offers asurprisinglycloseparallel. We propose therefore to refer to fraction A2 as human oc-casein, and to adopt the nomenclature of Waugh et al. (1962) for its calcium-sensitive subfractions, which will be called human ax-caseins.
Fraction B we shall refer to as human K-casein. Like cow K-casein its behaviour on starch-gels suggests that it is a mixture of several forms which together make the human K-complex. The resolution of its diffuse staining into a discrete band pattern when electrophoresis is carried out in the presence of 2-mercaptoethanol, or when the Vol. 101 771
